Introduction
Aflatoxins (AFs) are typically found as secondary metabolites of Aspergillus parasiticus and Aspergillus flavus (1) . Among all aflatoxins, aflatoxin B 1 is the most toxic, mutagenic, and carcinogenic to both humans and livestock and is classified into group I as human carcinogen by the International Agency for Research on Cancer (2) . Epidemiological dates have indicated that contamination of food with AFB 1 may be an important etiological factor in human liver cancer in several parts of Africa and Asia (3) (4) (5) . Numerous chemical and physical methods for the detoxification of aflatoxin were reported but only a few of them (e.g., ammonia treatment) have been accepted for practical use (6) . Both chemical and physical methods have disadvantages either because removal is not efficient or because of high costs or nutritional losses to the product (7) . As an alternative, biological decontamination, being widely studied, seems to be attractive because it works under mild, environmentally friendly conditions (8) .
Many microorganisms had been reported as being capable of removing AFB
1
. These microorganisms contain yeasts, filamentous, fungi, and bacteria (9) . Among them, probiotics were primarily studied on AFB 1 -binding ability of their cell wall (10, 11) . Other microorganisms studied can degrade or transform AFB 1 to less toxic metabolites by attacking the carbonyl group, lactone, or difuran ring of AFB 1 (12) (13) (14) (15) (16) . Furthermore, some active enzymes responsible for the degradation of AFB 1 from microbes had been purified (17) (18) (19) (20) . In addition, some enzymes involved in lignin biodegradation (for example, manganese peroxidase and laccase from white-rot fungi) can degrade AFB 1 (21, 22) . Now, biological detoxification of AFB 1 has been extensively studied, and some methods have been applied in practice. For example, a non-toxigenic A. flavus strain has been successfully applied to agriculture field to competitively exclude aflatoxin-producing Aspergillus species (23); the combined probiotics with aflatoxin B 1 -degrading enzyme from A. oryzae, used as feed additive, can degrade AFB 1 and improve animal production (24); anaerobic solid fermentation of Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus is able to completely biotransform aflatoxins in peanut meal (25) .
In this study, we reported the biotransformation and detoxification of AFB 1 by Cladosporium uredinicola isolated from peanut shell. The properties of aflatoxin detoxification principle(s) were studied preliminarily, and the biotransformation products of AFB 1 were concentrated and studied.
Materials and Methods
Materials C. uredinicola used in this study was isolated from
is extremely mutagenic and toxic as well as a potent carcinogen to both humans and livestock. In this study, the degradation of AFB 1 by extracellular extract of Cladosporium uredinicola was examined using high-performance liquid chromatography (HPLC), thin-layer chromatography (TLC), and liquid chromatography mass spectrometry. Within 24 h of incubation, AFB 1 was efficiently eliminated by the culture supernatant of C. uredinicola (84.5±5.7%) at 37 o C; the elimination was proven to be enzymatic, and the enzyme was thermostable. The biotransformation products of AFB 1 detected by HPLC and TLC were proven to be the same compound. Analysis with LCMS showed that AFB To determine whether the transformation is enzymatic, the effect of proteinase K (Vetec, Irvine, CA, USA; specific activity 30U/mg), SDS, and heat treatment on the AFB 1 transformation ability of culture supernatant of C. uredinicola was investigated. Culture supernatant of C. uredinicola was exposed to 1 mg/mL proteinase K for 6 h at 37 o C, and samples were dissolved in methanol, filtered through Millex-GV (0.22 μm; Durapore), and analyzed by highperformance liquid chromatography (HPLC). HPLC analyses were performed on a Shimadzu HPLC System (LC-20AD series; Shimadzu, Kyoto, Japan) using a guard column followed by a RP-C (1 μg/mL). After 24 h of incubation, the samples were processed as above and analyzed by HPLC and TLC. The condition of HPLC is same as that described before. TLC plates were developed in chloroform:acetone (85:15, v/v), where after AFB 1 and its biotransformation products on the plates were examined with excitation at 365 nm using a UV analyser (ZF7-C; Shanghai Kanghua Bicchemical Analyser Product Co., Shanghai, China).
Whether the product detected by HPLC and that detected by TLC was same compound was also studied. The product detected by TLC was purified from TLC plates and detected by HPLC. First, the spot corresponding to product was scraped from TLC plates and milled to powder in a tube. Then, dichloromethane was added into the tube for dissolving the product from silica gel. After incubation at 37 o C for 12 h in darkness, the silica gel was removed by filtering the mixture through Millex-GV (0.22 μm; Durapore), the filtrate was then evaporated on a heat block at 50 o C, redissolved in methanol, and analyzed by HPLC. As negative control, silica gel on the TLC plate was processed as above. The sample that AFB was raised to 5 μg/mL. The reaction mixture was extracted twice with dichloromethane. The extract was evaporated, and the sample was redissolved in methanol. The concentrated sample was then analyzed by LCMS (1200 serial HPLC; 6420 Triple Quad LC/MS; Agilent, Santa Clara, CA, USA) using a guard column followed by a RP-C atmosphere. Then, the medium was replaced with fresh medium (DMEM containing 2% FBS) containing test samples as described above, and the plate was incubated at 37 o C for 48 h. After incubation, cultural supernatants were replaced with MTT (5 mg/mL, 30 μL/well) and the plate was then incubated for 4 h at 37 o C. Following incubation, the MTT reagent was replaced with DMSO and the absorbance at 490 nm was recorded using a microplate reader (BioTek Instruments Inc., Winooski, VT, USA). The cytotoxicity of test samples was determined using the following formula: cytotoxicity=1−OD 
Statistical analyses
The experiment was conducted in three replicates, and the results were expressed as mean±standard error. IBM SPSS statistics 19 was used for the one-way ANOVA analyses on response variable. A comparisons level of 5% was used and Duncan's Multiple Range Test was used to determine significant differences among means when significant differences were encountered.
Results and Discussion
Biotransformation of AFB 1 by C. Uredinicola Results in Table 1 show that proteinase K treatment reduced the ability of culture supernatant on AFB 1 transformation significantly (p<0.014) and SDS (Fig. 1B) . Then, P 2 was purified by TLC and detected by HPLC (Fig. 2C) . In Figure 2C , the peak with a retention time of 3.9 min corresponding to P 1 ( Fig. 2A) is clear, but in the negative control (Fig. 2D) , this peak is not found. The result indicated that P (Fig. 3A) . Figure  3B showed that the AFB (14) . These AFB 1 biotransformation products of which the molecular mass was given are all we can find in literature. However, no one AFB Before toxicity study, an optimum biotransformation rate (84.5±5.7%) was obtained when 0.5 μg/mL AFB 1 was reacted with the culture supernatant (Fig.  4) , and the samples were used for next cytotoxicity study. The toxicity of biotransformed AFB 1 is essential to the application in practice in the future. As shown in Fig. 5 , the cytotoxicity of culture supernatant-treated AFB increased much more slowly and 20.9% cytotoxicity was measured at 10 μg/mL, which is less than that of AFB 1 at 4 μg/mL. C. uredinicola was mentioned as a hyperparasite of Puccinia sp. (32), but its AFs detoxification ability has never been reported. In the future, C. uredinicola can be applied in practice for its multifunction of resistance of the contamination of AFs and the biocontrol of rust species. 
